Objectives: To examine whether delay discounting (DD) develops differently within individuals diagnosed with mild cognitive impairment (MCI) or mild Alzheimer's disease (AD). Method: We set out to study trajectories of DD in N = 111 older adults (M age = 75.2 years, range: 55-94, 53% female) with MCI (n = 64) or mild AD (n = 47). Data were repeatedly assessed on three measurement times over a period of 2 years. Results: Results indicated a meaningful difference in the trajectories of DD between MCI and mild AD (t = 2.99, p = .004), with AD patients displaying higher DD rates compared with MCI. Lower intelligence (t = −2.50, p = .013) was related to higher DD. We also found reward-dependent group differences in DD (small: p = .079; medium: p = .258; large: p = .007). Age, functional ability, general cognitive ability, living situation, and marital status were not meaningfully linked to DD (all non significant). Further explorative analyses revealed an increase in DD in patients whose cognitive symptoms had progressed at time 2, compared with more stable courses of mild AD or MCI (diagnosed at time 2). Discussion: Our results point toward an increase in DD as a function of advanced cognitive decline.
The ability to resist tempting immediate rewards for the favor of future goals, as originally measured with the well-established delay-of-gratification paradigm (Mischel, 1974) , stands out as a core motivational construct that relates to behavioral as well as neurobiological processes (for a review see Mischel et al., 2010) . Interrelated concepts are known today as delay discounting (DD), temporal discounting, or delay reward that all index aspects of self-control, self-regulation, and impulsivity . Delay discounting, the concept of interest in the present study, describes the extent to which an individual puts a differential value on a reward depending on the time of its receiving, that is, a higher value for a sooner reward versus a lower value (discounting) for a delayed reward (Frederick, Loewenstein, & O'Donoghue, 2002) .
Although it may be feasible to conclude that DD remains stable over short periods of time, such as over several weeks or months (e.g., Jimura et al., 2011) , a less cohesive picture presents itself when it comes to empirical findings with regard to the development of DD over longer periods of time, that is, how it might change as a function of aging (e.g., Green, Myerson, Lichtman, Rosen, & Fry, 1996; Halfmann, Hedgcock, & Denburg, 2013; Read & Read, 2004; Steinberg et al., 2009) . Nonetheless, there is a growing body of evidence supporting the notion of an increased preference for immediate over delayed rewards in adult age (Göllner, Kliegel, & Forstmeier, 2016) , that is, higher DD in older adults (e.g., Green, Fry, & Myerson, 1994; Harrison, Lau, & Williams, 2002; Jimura et al., 2011; Lockenhoff, O'Donoghue, & Dunning, 2011; Whelan & McHugh, 2010) . This corresponds to the socioemotional selectivity theory, which states that older adults should prefer immediate over delayed rewards as the quantity of available life-time decreases (Carstensen, Isaacowitz, & Charles, 1999) .
Despite the fact that age seems to be a fundamental predictive factor, it is not sufficient to explain interindividual variability (in the development) of DD. Cognitive abilities, such as intelligence (Shamosh & Gray, 2008) or executive functions (Olson, Hooper, Collins, & Luciana, 2007) , were found to predict DD in younger adults. Recent research points toward the importance to consider (changes in) cognitive functioning in older adults as well. For instance, Halfmann and colleagues (2013) examined cognitively impaired older adults and compared them with unimpaired older and middle-aged adults. Cognitive impaired older adults preferred immediate over delayed rewards, contrary to cognitively unimpaired older adults, who displayed a preference for delayed rewards (Halfmann et al., 2013) . Although these results point toward increased DD in cognitively impaired older adults, the findings have to be interpreted with caution, as the authors chose poor performance in a gambling task (Iowa Gambling Task, Bechara, Damasio, Tranel, & Damasio, 2005) as the selection criterion for their cognitively impaired sample, and this may not be a valid diagnostic instrument for cognitive impairment. Nonetheless, their findings correspond to results from a study investigating DD impulsivity and response consistency in older individuals with mild cognitive impairment (MCI, of varying clinical phenotypes; Lindbergh, Puente, Gray, Mackillop, & Miller, 2014a) , who had been diagnosed on the basis of well-established guidelines (Albert et al., 2011) . Results indicated that older adults with MCI displayed more impulsive choice behavior as compared with healthy controls, when it came to smaller rewards. Yet, the sample size of cognitively impaired older adults was relatively small (n = 25). One would expect that Alzheimer patients would discount future rewards even to a greater extent due to increased cognitive impairment. However, no meaningful differences were reported in a study comparing DD scores of Alzheimer patients with differing symptom severity and healthy controls (Bertoux, de Souza, Zamith, Dubois, & Bourgeois-Gironde, 2015) . Although group difference did not reach statistical significance, visual inspection of the curves points toward a difference between groups that might have reached statistical significance if larger samples had been examined.
Together, existing data point toward increased DD, that is, a preference for immediate over delayed rewards in older adults with cognitive decline. However, due to some shortcomings of previous studies, such as unusual diagnostic instruments or small sample sizes, substantive conclusions cannot yet be drawn. All of these studies chose cross-sectional designs that do not allow conclusions about trajectories of DD in the context of cognitive decline. One valuable exception is the very recently published study by James and colleagues (James, Boyle, Yu, Han, & Bennett, 2015) : in this investigation, N = 455 older adults without dementia were followed for 5-6 years. It was reported that age-related cognitive decline was meaningfully linked to increased temporal discounting. However, temporal discounting was tested only once in that study. In the present longitudinal study, we assessed DD in Alzheimer and MCI cases on each yearly measurement occasion. In the first analyses after 12 months, we found that only Alzheimer patients, but not MCI participants, displayed significantly higher DD, indicating a differential course in individuals with more progressed cognitive decline (Forstmeier & Maercker, 2015) . However, it is not known how trajectories of DD develop over longer periods of time in cognitively impaired older adults. We did not control for influencing effects on DD, such as functional abilities, intelligence, or cognitive abilities (Kirby, Petry, & Bickel, 1999; Lindbergh, Puente, Gray, MacKillop, & Miller, 2014b; Shamosh & Gray, 2008) . Finally, in the current study we chose to analyze our data with multilevel modeling instead of analysis of variance, as this method allows missing data without the listwise deletion of all of a participant's data from analysis (Heck, Thomas, & Tabata, 2014) , and is considered a more appropriate method to analyze longitudinal data.
We therefore set out to examine DD in a longitudinal setting in individuals with two differing degrees of cognitive impairment: MCI and early stage of Alzheimer's disease (mild AD). In our analyses we controlled for known influencing effects on DD. It was expected that trajectories of DD would differ as a function of severity of cognitive impairment. It was hypothesized that patients diagnosed with mild AD would display a more pronounced increase in their DD rates compared with individuals with MCI.
Method
Data for this article were sampled in the context of a larger, longitudinal study: "Motivational Reserve as a Protective Factor in Mild Alzheimer's Dementia and Mild Cognitive Impairment" (MoReA, Fankhauser, Drobetz, Mortby, Maercker, & Forstmeier, 2014; Forstmeier & Maercker, 2015; Pfeifer et al., 2013) . Analyses presented here included data from the first three measurement times. The study is still ongoing.
Study Participants
Study participants were recruited in cooperation with German-speaking Swiss and Austrian memory clinics and specialized institutions for cognitive impairment and dementia, as well as by Swiss magazine advertisements. Besides the willingness to participate in the study, inclusion criteria required the participant to be 60 years of age or older and have a clinical diagnosis of either a MCI or mild AD. Expert clinicians at the specialized institutions assessed clinical diagnoses (see Diagnosis of MCI and Mild AD).
Exclusion criteria were the diagnosis of a pure vascular dementia (mixed dementia, i.e., AD and vascular dementia, was not an exclusion criteria.), Pick's disease, CreutzfeldtJakob's disease, Parkinson's disease or HIV, neurosurgery or traumatic brain injuries, epilepsy, postencephalitic or postconcussional syndromes, metabolic or hematologic disorders, severe organ failure, a history of malignant disease, severe depression, or other psychiatric diagnoses such as Schizophrenia, alcohol or drug abuse.
Procedure
After the diagnostic assessment at the respective institutions, patients and their knowledgeable informants (e.g., family member, caregiver) were informed by their practitioner about the current study. In case of interest, the institutions forwarded the contact information of the participants to the researchers, who then arranged a first appointment. On this first, 1.5-hour appointment, the exact purpose, content, and procedure of the planned study were explained to the participants and their informants. In case of continuous interest, written informed consent was obtained from the participant and their informant. In the remaining time, collection of neuropsychological, psychiatric, motivational, cognitive, and sociodemographic data was started, which was continued on a second appointment scheduled within the next 7 days. The second appointment lasted approximately 2.5 hours, including a short break. On both baseline appointments, interviewers interrogated both participants and their informants, separately, in two different rooms.
T2 and t3 were conducted after 12 and 24 months, respectively. In both follow-ups, data were reassessed on two data-sampling occasions, again separately for the participants and informants. For the assessment at t1, as well as for t2 and t3, participants were reimbursed with 50 Swiss Francs. The research protocol was approved by the ethics committees of the Zurich cantonal medical authority (No. E-16/2006 ).
Diagnosis of MCI and Mild AD
Patients were extensively tested and diagnosed in the cooperating specialized institutions independent of the current study. The institutions provided information with regard to clinical and neuropsychological data, as well as the clinical diagnoses after patients provided informed consent. The diagnosis of mild AD based on the diagnostic criteria by the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV, American Psychiatric Association, 1994), following the diagnostic procedures of the MoReA study.
Cognitive function was assessed with the Consortium to Establish a Registry for Alzheimer's DiseaseNeuropsychological Assessment (CERAD-NP; Morris et al., 1989) . Besides the Mini-Mental State Examination (MMSE; Folstein, Folstein, & McHugh, 1975) , which is a widely used screening test, it includes tests for episodic verbal and nonverbal and semantic memory, visuoconstructive ability, attention or cognitive speed, and executive function. Together, we included 13 measures for cognitive function (for a complete overview see Forstmeier & Maercker, 2015) . To receive a general cognition composite score (GCCS), we firstly calculated composite measures for each cognitive domain that were then summed in to a total score. In addition, we applied the Clinical Dementia Rating scale (CDR, Morris, 1993) which is a well-established screening instrument (semistructured interview) for the diagnosis of dementia of the Alzheimer type and to determine its severity summed into a total score.
MCI was diagnosed applying the international consensus criteria (Winblad et al., 2004) , which include a CDR score of 0.5 points and an MMSE score equal or higher than 24 points. For the selection of mild AD cases, we chose a CDR score of 1 and MMSE scores between 19 and 24 points. For moderate AD, we applied a CDR score of 2 and MMSE scores between 10 and 20 points.
Noncognitive Symptoms
General sociodemographic information, such as education, former occupancy, living situation, family status, and physical health, was assessed with self-report questionnaires.
To assess depression, we applied the German version of the Geriatric Depression Scale (GDS, Gauggel & Birkner, 1999; Yesavage et al., 1982) .
As functional abilities have recently been related to DD response inconsistency (Lindbergh et al., 2014b) , we included an informant-rated measure for instrumental activities of daily living (IADLs), the Bayer-ADL (Hindmarch, Lehfeld, de Jongh, & Erzigkeit, 1998) .
Given the evidence for a meaningful positive relation between DD and intelligence (for a review see Shamosh & Gray, 2008) , we included a German vocabulary test which is a measure of verbal intelligence and used to estimate the level of premorbid intelligence in individuals with mildto-moderate brain impairment (Wortschatztest [WST]; Schmidt & Metzler, 1992) .
Proxy for Self-Control: DD
For the assessment of a behavioral measure for DD, we used the delay discounting test (DDT; , which is the German version of the Monetary Choice Questionnaire (Kirby et al., 1999) . By answering various different hypothetical questions with regard to the preference between two rewards: an immediate, but small amount of money, and a delayed, but larger amount of money, the behavioral level of self-control versus impulsivity is assessed (e.g., "Would you prefer 45 CHF (Swiss Francs) today or 95 CHF in 33 days?"). The 27 items are allocated to three categories of different magnitude: small (CHF 32-44), medium , and large (CHF 95-107); delay intervals vary between 7 and 146 days. To receive the global discounting rate (k), a pattern of the 27 choices can be calculated (following Kirby et al., 1999) . Higher levels of self-control are inferred by a lower k and indicate a generally higher preference for larger but delayed rewards. The DDT has been evaluated with older adults with favorable outcomes . For a validity check, we compared performances in the DD with the delay of gratification test for adults (DoG-A; . The DoG-A consists of 18 items, that is, simple decisions the participant is required to make that all involve choosing between smaller rewards now or larger rewards sometime later. Unlike the DDT, the DoG-A not only uses different amounts of hypothetical money as rewards but also different snacks (e.g., chocolate), real money ("8 CHF now or 10 CHF in one month"), and real magazines ("1 magazine now, or 2 in one month") . A composite score can be calculated by adding up the subscale-sums: a high DoG-A value ("4") stands for "delayer" and a low value ("0") indicates "non-delayer."
Statistical Analyses
All statistical analyses were performed using SPSS for Mac OSX (22.0) software packages (IBM, Chicago, IL). In case of skewed distributions, which was the case for the "k" values from the DDT, we log-transformed variables. With respect to the time-varying models, that is, the research questions regarding the change over time of DD, that is, the growth trajectories, we chose multilevel modeling. The newly created variable "time" captured three measurement times, time 1, 2, and 3 (from now on referred to as t1, t2, and t3) with each occasion separated by 12 months. As a measure of fit, we used the Akaike information criterion (AIC) to indicate whether our models improved or worsened by adding different predictors. A smaller AIC number indicates a better fit. All reported results were considered to be significant at the p ≤ .05 level and were considered a trend at the p ≤ .1 level.
Results

Sample Characteristics at t1
The sample consisted of N = 111 participants with n = 64 MCI and n = 47 mild AD participants (see Table 1 for sample characteristics at t1). The proportion of the clinical phenotypes within the MCI group was as follows: amnestic, single-domain (n = 13), amnestic, multidomain (n = 22), nonamnestic, single-domain (n = 25), and nonamnestic, multidomain (n = 4). The percentage of AD patients with Notes: BMI = body mass index; CDR = Clinical Dementia Rating Scale; mild AD = mild Alzheimer's disease; GDS-S = Geriatric Depression Scale-Self-Report; M = mean; MCI = mild cognitive impairment; MMSE = Mini-Mental State Examination; SD = standard deviation; t = independent t test; U = Mann-Whitney U test; χ 2 = chi-square test.
*p < .05. **p < .01. ***p < .001.
mixed dementia was 27.79% (n = 14 to live by themselves anymore. Most of the AD patients living in care homes were widowed in our study, which was presumably the reason why they decided to move into a care home.) Finally, samples differed with regard to their marital status (U = 1182.50, p = .03), with around 40% of mild AD being widowed, compared with around 14% in the MCI cohort. As a consequence, age, living situation, and marital status were included as control variables. From t1 to t2, n = 14 participants dropped out of the study (12.6%). Reasons for the study dropout were lost interest (n = 6), death (n = 3), excessive demand or afraid of the testing situation (n = 2), and severely ill (n = 2). One participant was not reachable. From t1 to t2, 68.8% remained MCI and 20.3% of MCI converted to mild AD; 68.1% remained mild AD, and 17% of previously mild AD converted to moderate AD. From t2 to t3, n = 2 participants diagnosed at t2 with mild AD dropped out (6.03%). One participant dropped out due to death and one lost interest. From t2 to t3, 86.1% remained MCI, 13.9% converted to mild AD; 63.8% remained mild AD, and 29.8% of them converted to moderate AD, and 2.1% converted to severe AD; 33.3% remained moderate AD, and 66.7% of them converted to severe AD. With regard to basic characteristics, the participants who dropped out of the study did not differ from the participants who continued with the study (data not shown).
Model 1.1: Simple Linear Growth Curve Model
At first, we tested whether the proportion of variance in DD indicated the need for analyses with multilevel model and whether the data should be analyzed with random slope or random intercept models. These first analyses were conducted including all data over both diagnostic groups. The proportion of variance in DD (intraclass correlation [ICC]) was 32.40%, indicating that around 32% of the total DD variance resides between participants, whereas around 68% of variance resides within individuals' repeated measures. The ICC can be considered as fairly large, which is indicative of the need for a multilevel model (Heck et al., 2014) . At first, we were interested in whether the ability to DD changes over the three measurement times (change over time as a within-subject factor) on average across all participants and whether the change in DD was shaped in a particular manner, that is, linear or quadratic. For this, we tested, whether there was significant variation in the intercepts of DD across participants, with time (designated as 0, 1, 2 for times 1, 2 and 3) as fixed effect. We found a significant between-individual variance (Wald Z = 3.56, p < .001), indicating that there was significant variation in the intercepts of DD. Next, we tested the linear regression of DD on time. The parameter estimate for the intercept indicates the initial value of DD (t1) and the parameter estimate for (linear) time indicates the extent to which, on average, DD changes. The nonsignificant parameter estimate for time (t = −0.54, p = .587) indicates that on average, DD did not change over all participants.
In the next model, we tested whether the variance of the random slope of time was significant, that is, we tested whether the slope differed between participants. With regard to the variance estimates we found no significant variability across participants in the random intercept (Wald Z = 1.62, p = .105), the random linear time slope (Wald Z = 0.22, p = .828), and the covariance between them (Wald Z = 0.77, p = .442). We found that the fixed effect of linear time (t = −0.50, p = .617) was not significant. This indicates that DD again does on average not change over time, or that time is not a meaningful predictor in this model. Dependent sample t test corroborated findings by indicating no significant change in the DD from t1 (M = −4.83, SD = 2.10) to t2 (M = −4.68, SD = 2.28, p = .587), from t2 to t3 (M = −4.51, SD 2.36, p = .252), and from t1 to t3 (p = .950). As a consequence, further analyses have been conducted using the random intercept model.
We also calculated the random intercept model with quadratic time as fixed effect (designated as 0, 1, 4 for times 1, 2 and 3) to test whether a quadratic component of time would improve describing the growth curve of the participants. The fixed effect for the predictor quadratic time was not significant either (p = .483). We also calculated the random intercept model with orthogonal components of time, as polynomial components tend to correlate highly with each other (Heck et al., 2014) . The fixed effects for orthogonal components of time were not significant either (data not shown). As a consequence, we continued to test subsequent models with linear time only.
Model 1.2: Predictor and Diagnostic Variables Added to the Random Intercept Model
In the next model, we were interested in the main effects of the control variables, such as age, living situation, and marital status, as well as functional ability, measured with the Bayer-ADL, general cognitive abilities (GCCS), and verbal intelligence (WST). We found a significant main effect for verbal intelligence (t = −2.50; p = .013) but not for the other control variables (all non significant, see Supplementary  Table 1) .
In the following model, we further included the diagnostic assignment at t1 (MCI, mild AD) into the model. We found a meaningful interaction between diagnosis at t1 and time, indicating significantly different trajectories of MCI and mild AD over the three measurement times (Table 2) . Although visual inspection of the trajectory of DD of MCI participants suggests a decrease (Figure 1 ), paired t tests reveal a stable trajectory (all t test = non significant, data not shown). With regard to the trajectory of DD of AD, paired t tests reveal an increase from t1 to t2 (t = −2.19; p = .035) but not from t2 to t3 (t = 0.78; p = .443) or from t1 to t3 (t = −1.62; p = .12). We also analyzed data according to the three different reward magnitudes: we found significantly different trajectories between MCI and mild AD over the three measurement times with regard to large rewards (small: t = 1.77, p = .079; medium: t = 1.14, p = .258; large: t = −2.36, p = .007). Both groups discounted small rewards significantly more than large rewards at t1 (MCI: t = 2.68, p = .009; mild AD: t = 2.49, p = .016). Basic descriptives for DD performances by MCI and mild AD patients, separately for each time point and reward magnitude, are summarized in Table 3 . To validate DD outcomes, we correlated performances of the DDT with the DoG-A (r = −.23, p = .014). We also examined DD response inconsistency: the mean consistency was 96%, which can be considered as very high. Response consistency did not differ as a function of DD (F(2) = 0.91; p = .40). Consistency and discount rate (k) did not correlate (r = −.04; p = .51), indicating that the observed differences in k are not artifacts of differences in the consistency.
In the final model, we tested whether the diagnostic assignment at t2 that changed from t1 due to the progressive nature of the disorder could explain the data more accurately than the diagnostic assignment at t1. For this, we analyzed the data with the diagnostic assignment at t2 that newly included the category of moderate AD (n = 8).
We found a significant interaction between diagnosis at t2 and time, indicating significantly different trajectories of MCI, mild AD, and moderate AD (Supplementary Table 2 ). Although visual inspection of the trajectory of moderate AD suggests an increase in DD (Figure 2 ), paired t tests reveal a stable trajectory within this group; this was also the case for the MCI and mild AD group (all t test = non significant, data not shown). However, given the very small size of the newly formed category of moderate AD, we consider these results as exploratory in nature.
Discussion
The intent of the present study was to extend existing findings concerning the development of the motivational characteristic of DD in older adults with differing degrees of cognitive decline. Our finding of differing trajectories of DD of MCI and mild AD participants partly supports previous cross-sectional findings reported by Halfmann and colleagues (2013) and Lindbergh and colleagues (2014a) . Our study extended those findings by using a longitudinal design. We were able to demonstrate that DD trajectories within MCI remain relatively stable over the time interval of 2 years, whereas the DD trajectories of mild AD increase. We overcame some of previous shortcomings: Unlike Halfmann and colleagues (2013) , who chose poorer performances in a gambling task (Iowa Gambling Task, Bechara et al., 2005) as selection criteria for their cognitively impaired sample, our diagnostic assessment was broadly based and accomplished with well-established, globally applied instruments and based on clinical diagnoses. In addition, although the sample size of cognitively impaired older individuals of both previous studies was relatively small (Halfmann et al. (2013) : n = 15; Lindbergh Note: AIC = Akaike information criterion; Bayer-ADL = Bayer activities of daily living; df = degrees of freedom; GCCS = general cognition composite score; t = independent t test; WST = Wortschatztest. Our results are not in line with those presented by Lockenhoff and colleagues (2011) who did not report a meaningful association between age-related cognitive decline and discounting rates. However, that study was primarily designed to examine their research question regarding age-related differences in temporal discounting in a life-span sample aged 19-91 years and not with respect to cognitive impairment-related differences in a sample of older adults. Our results are in contrast to the only other investigation examining DD in Alzheimer patients with differing symptom severity (Bertoux et al., 2015) . The authors of that study did not find a meaningful difference in DD scores between Alzheimer patients at different disease stages and healthy controls. However, it is possible that the small sample size accounted for the lack of statistical significance as visual inspection of the profiles of DD revealed differing curves between groups.
The inclusion of the predictor variables in the present study was based on theoretical and empirical grounding. We found that verbal intelligence was negatively associated with DD, that is, the higher the WST scores the lower the DD scores, whereas general cognitive abilities were not related to DD. Verbal intelligence stays fairly stable throughout the healthy aging process as well as in the early stages of pathological aging-it may therefore be considered a good proxy for premorbid IQ (Lehrl, Triebig, & Fischer, 1995) . The result was expected as there exists much evidence for a meaningful positive relation between intelligence and the ability to delay (for a review see Shamosh & Gray, 2008) .
We did not find a relation of IADLs with DD. To the best of our knowledge, only one other study has examined IADLs with DD in older adults (Lindbergh et al., 2014b) . The authors reported that IADLs were related to DD response inconsistency. We found a significant correlation between DD response inconsistency and IADLs as well (r = −.20; p = .037, data not shown). We may thus cautiously conclude that although IADLs may be related to DD response inconsistency, IADLs may not be related to DD rates in older adults with cognitive impairment.
We found that both groups discounted small rewards more than large rewards at baseline, which corresponds to the so-called DD "magnitude effect" generally found in noncognitively impaired individuals (Kirby, 1997) and previously also in MCI (Lindbergh et al., 2014a) . We also found that mild AD patients significantly discounted large rewards (DD trajectories) more than MCI patients. Further analyses revealed that this might have been caused by changes in how mild AD patients discounted different reward magnitudes over time, as the typical "magnitude effect" found in both groups at baseline persisted only in the MCI over the 2 years but disappeared in the mild AD patients (results not shown). Mild AD patients did not Note: AD = Alzheimer's disease; DD = delay discounting; MCI = mild cognitive impairment.
show differences in their discounting behavior depending on the reward magnitude at both follow-ups (both non significant, data not shown), indicating that they made no more difference in discounting of small and large rewards after the baseline assessment. Given the fact that our research design does not permit deductions concerning the cause of differing trajectories in MCI and AD, we may still provide some hypothetical interpretations of our results. Notwithstanding the control for the influence of general cognitive abilities, we still found meaningful differences in the trajectories between groups. This indicates that the difference is above and beyond mere variance in general cognitive abilities. For an increased understanding of this result, it may be helpful to look at underlying neural mechanisms of DD. Previous research suggests the activation of two distinctive neural systems mediating immediate and delayed rewards, respectively (McClure, Laibson, Loewenstein, & Cohen, 2004) : the lateral prefrontal and posterior parietal cortex, areas related to cognitive control (evolutionary newly evolved brain areas), are activated during delaying rewards and limbic, midbrain dopaminergic systems and the paralimbic cortex are mediating impulsive or impatient behavior (evolutionary earlier evolved, automatic brain areas, Eppinger, Nystrom, & Cohen, 2012; McClure et al., 2004) . As a consequence of an age-related atrophy of brain regions mediating self-control, such as the dorsolateral and medial prefrontal cortex (e.g., Drobetz et al., 2014) and the posterior parietal cortex (McClure et al., 2004) , which are, to some extent, more prone to age-related degeneration compared with other brain regions (Fjell et al., 2009) , the ability to self-control could decrease in the process of aging. Another line of research is concerned with the role of brain regions related to memory, such as the hippocampus: in animal studies, it has been shown that damages to the hippocampus caused increased DD in rats (Mariano et al., 2009) . Also in humans it has been shown that AD patients showed less preference for future options that had to be imagined (Lebreton et al., 2013) , which is a mental capability that requires the hippocampus, a target of pathophysiological atrophy in AD (De Souza et al., 2013) . Besides the hippocampus, the parietal brain regions degenerate in AD (Lebreton et al., 2013) . Future studies should compare changes in brain activation pattern due to DD in cognitively impaired individuals and compare them with healthy aging individuals to provide further insight into underlying mechanisms.
Our findings have to be interpreted in the light of some limitations. It is likely that factors that were not measured in the current study may exert a meaningful effect upon the trajectory of DD, such as motivation-related occupational scores (Forstmeier & Maercker, 2015) , different emotion-regulation skills (Lockenhoff et al., 2011) , or income (Green et al., 1996) . Given that the reward in the applied DDT was hypothetical money, our conclusions are domain specific and thus restricted for generalization (Bembenutty, 1999; Jimura et al., 2011) . In addition, the fact that not all interviewers were blind to the participant's stage of cognitive decline could have led to a bias in the staging process. Moreover, we did not use pathophysiological markers to confirm our diagnoses of our patients. Finally, as our study also included self-reports, it is possible that respective data may be less accurate as a consequence of a diminished awareness of individuals with cognitive decline (Snow et al., 2009 ).
In conclusion, the present study intended to extend existing findings concerning the development of the motivational characteristic of DD in older adults with differing degrees of cognitive decline. Our results point toward an increase in DD, equivalent to reduced delay of gratification or self-control, as a function of advanced cognitive impairment.
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